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We have been studying the cellular reactions to different prepara- 
tions  of  tuberculo-protein.  In  accordance  with  the  plans  of  the 
Research  Committee  of  the  National  Tuberculosis  Association,  of 
which  Dr.  William  Charles  White  is  Chairman,  all  of the  tubercle 
bacilli used for this study were grown on a  liquid synthetic medium 
entirely free from protein.  In this way none of the preparations was 
contaminated  with  traces  of any  other protein.  Since  the  work of 
Goldmann  (1, 2), it has been known that materials injected into the 
tissues  as particulate  matter  are  engulfed by the phagocytic mono- 
nuclear  cells.  The  tuberculo-proteins  offer material  with  which  to 
compare the effect of two substances which are certainly nearly the 
same  except  that  one  can  be introduced  in  solution  and  the  other 
in suspension. 
The preparations of the proteins obtained from the media were given to us by 
Dr. Florence B. Seibert, of The Henry Phipps Institute for the Study of Tuber- 
culosis, Philadelphia, and by Dr. John Reiche.1, of Sharp and Dohme, Glenolden, 
Pa.  Drs. Seibert and Munday gave us some of their most highly purified protein, 
designated TPA (3), and at our request a preparation  of the relatively insoluble 
protein, H-1.  Dr. Reichel gave us the protein  MA-100 which was obtained by 
precipitation with magnesium sulfate.  To Drs. Michael Heidelberger and Arthur 
E. O. Menzel, of the Presbyterian Hospital, we are indebted for the proteins from 
the bacilli.  They found  (4) that different preparations  of protein  could be ob- 
tained from the bacilli at different pH values of the extractives.  The two prepara- 
tions used for this study were designated by them G and K.  The  G fraction 
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was obtained with water made alkaline to about pH 11.0 after previous extraction 
with less  alkaline  buffers.  These processes were carried out in  the cold.  The 
material K was obtained from the residual material after extraction of the protein 
G  by means of 0.1  N sodium hydroxide solution at room temperature.  All the 
proteins used were from the human strain, H-37. 
Studies  employing the method of tissue culture by Lewis and Lewis (5),  by 
Lewis (6), and by Carrel and Ebeling (7) have demonstrated that with appropriate 
culture media the monocyte of the blood stream becomes a  cell which looks ex- 
actly like the macrophage or clasmatocyte of the tissues.  The terms macrophage 
and clasmatocyte are interchangeable, each referring to different properties of the 
same cell.  The  name macrophage was introduced by Metchnikoff and  means 
"big eater,"  signifying phagocytic function: the  term  clasmatocyte was  intro- 
duced by Ranvier and refers to the property of desquamation of the surface film, 
a phenomenon which characterizes this cell, as he observed.  Whether this prop- 
erty of the cell has functional significance  is not yet dear.  At any rate, the entire 
group of the phagocytic mononuclear cells have highly developed surface films by 
means of which they engulf foreign material.  In spite of this close relationship 
between monocyte and macrophage, both terms must be retained to describe the 
connective tissues of an animal.  This is true because there are relatively young 
forms, that is monocytes, constantly present in the tissues,  corresponding to the 
monocyte of the blood stream, as well as mature, actively phagocytic cells known 
as macrophages.  The monocytes of the tissues  are cells  which measure about 
20# in diameter; they have an excentric nucleus and in fixed technique it can be 
seen that their cytoplasm is basophilic.  They have abundant mitochondria and 
in the living cell there are always some vacuoles that stain in neutral red, indicating 
a  constant function of phagocytosis, though the cell identified as monocyte has 
never engulfed enough material to be called a macrophage.  Monocytes are pres- 
ent in the tissues of the normal animal only in small numbers, often in small loci 
best seen in the milk spots of the omentum.  They are highly capable of multi- 
plication so that their numbers can be readily increased.  The more mature phago- 
cytic mononuclear cells, the macrophage or clasmatocyte, are present in the tissues 
in large numbers.  They, and the epithelioid cell, which is a modified form of the 
monocyte, are considerably larger than the monocyte.  The macrophage may be 
either round or branched, may have much or little phagocytized material.  The 
phagocytized material may be diffusely scattered without pattern  in the endo- 
plasm, never in the exoplasm.  The lack of pattern is due to the fact that the 
vacuoles which contain the phagocytized material are in constant streaming mo- 
tion in the cytoplasm.  The phagocytized material may be in particles of uniform 
or of irregular size; it may be in the form of a rosette around the centrosphere. 
In the typical epithelioid cells, which we have called the third stage (8)  of this 
cell,  the phagocytized material is in the form of a  rosette of particles  so small ~LORENCE R.  SABIN  839 
that the cytoplasm appears to be uniform in fixed tissues; the nucleus is excentric 
and  there  is  a  marked  differentiation  between  endo- and  exoplasm.  The  epi- 
thelioid cell is to be regarded as a pathological type.  Every form of the phagocytic 
mononuclear  cell,--the  monocyte,  the  stimulated  monocyte,  all  the  different 
forms of the macrophage, the epithelioid cell,  the epithdioid giant cell,  and the 
foreign body giant cell--was induced by the injection of the proteins used in these 
studies. 
Cellular Reactions  of Normal Animals to Tuberculo-Proteins  in 
Solution and in Fresh Precipitates 
The  cellular  reactions  of normal  animals  to  the  tuberculo-protein 
given in solution or in freshly precipitated state are shown in Table I. 
Four rabbits were given three daily injections of 10 rag. of the protein MA-100. 
This  preparation  of protein  contains  some free  polysaccharide.  The  reaction 
was studied 5 days after the last injection.  The omenta showed a slight increase 
in monocytes.  The omenta of four normal rabbits were studied at the same time 
for direct comparison in relation to an increase in monocytes after the protein. 
Two  rabbits  were given  three  daily intraperitoneal  injections  of 20  rag.  of 
freshly precipitated  protein  TPA of Seibert.  This  preparation  has been freed 
from polysaccharide except that which is contained in the protein molecule.  In 
accordance with Dr. Seibert's directions this protein was dissolved by allowing it 
to stand overnight in distilled water and then precipitating it with dilute acetic 
acid.  The precipitate  was washed in water and injected in saline at pH 6.25. 
The omenta showed a moderate stimulation of monocytes of the type of the four 
dark cells in the lower part of Fig. 1 from rabbit R. 3928.  This is a photograph 
of the fresh omentum taken while the cells were living; it was stained with neutral 
red so that the dark spots in the photograph represent the particles of phagocytized 
material stained red.  This area from a milk spot of the omentum was not one 
of the most stimulated zones but was chosen because it shows monocytes with 
rosettes of vacuoles, monocytes with scattered vacuoles, and, in the upper part, 
a  branched macrophage.  In the sections of the omentum of this animal there 
were a few loci of such stimulated monocytes, epithelioid cells, as are seen in Fig. 1. 
The protein H-1 of Seibert contained an insoluble residue.  Under directions 
kindly supplied us by Dr. Heidelberger, we separated a more soluble part from this 
preparation.  We stirred  some of the material with saline at pH 7.5 and let it 
stand for 24 hours at room temperature; it was then ground thoroughly in a mor- 
tar, made up to pH 8, and allowed to stand for 2 days.  The material was then 
centrifuged and the supernatant  was precipitated with dilute acetic acid.  This 
precipitate, after it was washed in distilled water, was taken up in saline and used 
for injection  into  four rabbits,  as  shown in  Table  I.  It induced  a  moderate 840  CELLULAR REACTIONS TO  TUBERCULO-PROTEINS 
TABLE  I 
Cellular Reactions in Normal Animals to Intraperitoneal  Injections  of Tuberculo- 
Proteins in Solution and in Suspension 
Animal 
/go. 
Rabbits 
R4108" 
4109 
4112 
4113 
3928 
3929 
4062 
4063 
4064 
4065 
Materials 
MA-IO0 
insolu- 
tion 
TPA 
freshly  I 
precipi-I 
tated 
H-1 par 
soluble 
atpH8 
then  I 
freshl,  y. 
preclpl- 
tated  I 
Number, amount, 
and site of 
injections 
3 daily of 10 
rag. in 1 cc. 
saline 
3 daily of 20 
rag. in 5 cc. 
saline at pH 
6.25 
3 daily of 7 to 8 
rag. in 2 cc. 
saline 
Results 
Peritoneal exudates (means) 
PMN  Lymphocytes  Monocytes  3erosal  ~ells 
2%  35%  49%  14% 
Omentum had a  slight  increase in mono- 
eytes in the milk spots.  One animal had 
a considerable increase in lymphocytes in 
the omentum  and more lymphoeytes than 
monocytes in the exudate 
Peritoneal exudates 
PMN  Lymphocyles Monocyles 
1%  6%  93% 
Serosal cdls 
--  2%  65%  33% 
Omentum showed a  moderate  increase in 
monocytes, in stimulated monocytes and 
macrophages (Fig. 1); an occasional small 
tubercle of epithelioid ceils; a few giant 
cells, both epithelioid and foreign body 
types 
Peritoneal exudates (means) 
PMN  Lymphacyle*  Monocyles  Serosal  cells 
0.2%  27%  62%  10% 
Omentum showed a  moderate  increase in 
monocytes and stimulated monocytes 
* These are serial numbers for the work of  the  laboratory  covering  a  term 
of years. ]~LORENCE R. SABIN 
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Anima| 
No. 
Guinea 
pigs 
R  4867 
4868 
4865 
4866 
Materials 
G in so- 
lution 
G in sus 
pensmr 
Inter- 
Number, amount,  val 
and site of  I after I 
injections  in~ec- 
tlo_~n 
I~ysl 
1 of 0.5 rag. 
3 of 0.5 mg.in  8 
0.5 cc. salin~ 
1 of 0.5 rag. 
3 of 0.5 rag. in  8 
0.5 cc. saline 
Results 
Peritoneal exudates 
Lympho-  Moao- 
Total  PMN  PM£  ¢yles  cyles 
21,550  1.4%  0.6%  39%  59% 
82,8oo  _  1.o%  14%  8s% 
Omentum  showed  a  marked  increase in 
monocytes (Fig. 3); some in small loci. 
6 days after the last intraperitoneal in- 
jection given an intradermal test with 0.1 
rag. MA-100; G in solution and G in sus- 
pension.  All negative in 24 and 48 hrs. 
but  all showed  increase in  monocytes, 
least after MA-100, most after G in sus- 
pension 
Peritoneal exudates 
Lympl~o-  Mono- 
Total  PMN  PME  eylcs  cy~ 
39,300  1%  0.5%  4o%  ss% 
41,350  1%  15.0%  37%  47% 
Omentum  showed  a  marked  increase in 
stimulated  monocytes  and  epithelioid 
cells (Fig. 2); some of the epithelioid  cells 
in small tubercles.  Skin tests as above 
stimulation of monocytes, both in the peritoneal exudste and in the omentum, 
quite different from the complex reactions due to the entire protein H-1 and the 
insoluble residue (Table II). 
The protein G  from the bacilli was given to four normal guinea pigs, part in 
solution and part in suspension.  This protein is free from polysaccharide except 
that which is bound in the protein molecule.  The guinea pig was used in this 
experiment for comparison with the reactions to the same material in tuberculous 
guinea pigs, to be described later (Table III).  The effect of this protein, both in 
solution and in suspension, was a  marked stimuhtion of monocytes, as is clear 
from the large total numbers of cells in the peritoneal exudstes.  None of the 
other animals whose records are shown in Table I  had any such increase in the TABLE  II 
Cellular Reactions in Normal Rabbits to Intraperitoneal  Injections of the More 
Insoluble  Tuberculo-Proteins 
Animal 
No, 
R3888 
4070 
4072 
4066 
3886 
3887 
3888 
Number, amount, 
and site of 
injections 
3  daffy of 20 
mg. in 6 cc. 
saline 
3 daily of 7 to 8 
rag. in 2 cc. 
saline 
3  daily of  10 
mg. in 6 cc. 
saline 
Results 
Peritoneal exudates (means) 
PMN  Lymphocyles  Monocytes  Serosal  cells 
11%  13%  74%  1% 
In the exudate of R 3888 there was one typi- 
cal  epithelioid  cell  in  500  cells.  There 
was marked irritation of the serosal cells. 
Cecum  covered with  exudate;  some  ad- 
hesions;  necrotic  nodules  surrounded  by 
neutrophiles.  Omenta  showed smaU loci 
of necrosis surrounded by neutrophiles and 
an increase in monocytes, many of them 
stimulated.  A  few  epithelioid  cells  and 
giant cells 
Peritoneal exudate 
PMN  L~'nphocylcs  Monocy~s 
20%  9%  70% (of which 27% 
were stimulated) 
Other results as above 
Peritoneal exudate 
PMN  Lyraphogy~s  Monocyles 
6%  34%  60% 
Omentum  showed  increase  in  size  of  milk 
spots  due  to  monocytes,  many  of  them 
stimulated (Figs. 4  and 5).  A few small 
tubercles  of  epithelioid cells;  giant  cells, 
both of the Langhans  and of the foreign 
body types 
Peritoneal exudates 
PMN  Lymplwcy~s  Monocytes 
6%  59%  35% 
2%  7%  91% 
Omentum  showed  a  marked  increase  in 
monocytes, both diffusely scattered and in 
small tubercles (Fig. 7).  Some of the tu- 
bercles were surrounded by lymphocytes. 
Many giant cells of both types,  some of 
the foreign body types with nm~y nuclei 
(Fig. 6) 
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Cellular  Reactions  of  Tuberculous  Guinea Pigs to Intraperitoneal  Injections  of the 
Tuberculo-Protein, G 
Animal 
No. 
4811 
4791\ 
4798J 
4749 
Interval 
after inocu-  Inter- 
lation with  val 
0.1 mg.  Material  after 
Tbc H-37  in~ec- 
subcutane-  tlon 
ously 
I too. 
0.5 rag. in so- 
lution  in 0.5 
cc. saline 
0.5 rag. in sus- 
pension  in 
0.5 cc. saline 
1 too.  1 rag. in solu- 
and 3  tion in 1 cc. 
days  saline 
4750  ,  ,,  1 rag. in solu- 
t.ion 
4751~ 
4752J  ,,  ,,  1 rag. in sus- 
pension 
3 daily of 0.5 
4753(,  rag. in solu- 
4754J  1½ mos.  tion in 0.5 
cc. saline 
3 daily of 0.5 
4775~  ....  rag. in sus- 
4787J  pension  in 
0.5 cc. saline 
days 
Results 
Peritoneal exudates (means of two groups) 
Total  PMN  Lympkotytes  Monocyt¢s  Serosal  cells 
7  16,755  1°/o  45%  47%  6% 
20,200*  2%  50°/0  48% 
Omenta  not tuberculous;  increase in stimulated mono- 
7  cytes  and epithelioid  cells of  types  seen  in Figs. 
and 9.  Reaction  noticeably greater  in both animals 
that received the protein in suspension 
Peritoneal exudate of R 4749 
Tot~  PMN  Lymphocytes  Monocytes 
12  6100  13%  57%  30% 
Omentum not tuberculous; markedly stimulated with  an 
increase in epithelioid ceils and a few epithelioid giant 
cells 
All three  died  within 12  hours  in protein shock 
Peritoneal exudates (means of two groups) 
Total  PMN  L~,npkocyles Monocy~s  Serosal  cells 
21  5975  4%  77%  14%  5% 
21 
9675  7%  57%  36% 
Omenta  not  tuberculous;  markedly  stimulated  with 
increase in monocytes, stimulated monocytes,  epithe- 
lloid  ceils, and  giant cells.  Foci  of lymphocytes  in 
omentum.  Reaction  markedly  greater after the pro- 
rein in suspension, in which case the milk spots  had 
become confluent.  6 days after the last intrapetitoneal 
injection,  all were tested  intradermaily with 0.1 rag. 
MA-100; G  in solution  and  G in suspension.  They 
all gave  A-'F-/--}- reactions and the sections 15 days 
later showed tubercles  (Figs.  10,  11,  12), least after 
MA-100, most and most complex after G in suspension 
* Total count for R 4798 only. 
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total number of the ceils in the exudates.  In estimating the power of this protein 
to induce cellular reactions, the small amount used must be taken into considera- 
tion.  This amount was given for comparison with the reactions in the tuber- 
culous animals.  The differences between the effect of the material in suspension 
and in solution are brought out in Figs.  2 and 3, showing  reactions in the peri- 
toneal  exudates of this group.  Fig.  2 is from R  4865 which  had received the 
material in suspension  and Fig. 3 from R 4867 which had received the protein in 
solution.  The two photographs are at exactly the same magnification and the 
cells were living so that there had been no shrinkage from fixation.  In Fig. 2, 
which  is representative of the exudates of both the animals which  received the 
protein in suspension,  the monocytes are markedly enlarged, the diameters vary- 
ing from two to three times those of the less  stimulated monocytes of Fig.  3. 
The size of these cells is readily estimated from the two lymphocytes which are 
included in the group in Fig. 2.  The large cell at the left in Fig. 2 with two nudei 
illustrates well the method of formation of the epithelioid or Langhans' giant cell 
which results from the division of the nucleus without ceil division,  as was shown 
by Forkner (9).  The single  centrosphere shows  clearly that this cell with two 
nuclei  was derived from a  single monocyte.  Fig. 3 was taken from a  group of 
about  140 monocytes; such dumps of monocytes are quite characteristic of these 
exudates.  The monocytes in  this  figure  show a  considerable  variation in  the 
amount and the arrangement of the phagocytized material.  The omenta of these 
animals showed the monocytes in foci; after the protein in solution there were 
dumps of monocytes; after the protein in suspension  the clumps contained the 
enlarged,  stimulated monocytes and epithelioid cells and hence could be caUed 
tubercles,  or  tubercle-like  structures.  The  ceils  from the  peritoneal  exudates 
in these normal animals had drained in large numbers into the retrosterual lymph 
nodes; this was in marked contrast to the condition in the tuberculous guinea pigs, 
in which the reaction was more restricted to the peritoneal cavity. 
All four normal guinea pigs which received the protein G intraperitoneally were 
given an intradermal injection of 0,1 nag. of three kinds of protein, MA-100, and 
G in solution and in suspension.  These tests, which were made 6 days after the 
last intraperitoneal injection, read as tuberculin tests were all negative in 24 and 
48 hours, but sections of the areas showed a diffuse increase in monocytes, least 
after the MA-100 and most after the G in suspension. 
Cellular Reactions  in  Normal  Rabbits  to  Insoluble  Tuberculo-Protein 
The  cellular reactions to the  relatively insoluble protein H-1 from 
the  culture  media  and  to  protein  K  from  the  baciUi  are  shown  in 
Table II. 
The material H-1 was so highly irritating that a careful study was made to see 
if there were contaminating organisms but none was found.  The percentage of ~'LORENCE R.  SABIN  84.5 
neutrophiles was higher in the peritoneal exudates corresponding to the areas of 
necrosis  on the cecum and in the omentum.  There was a  marked increase in 
monocytes and there were some epithelioid cells and a few giant cells, both of the 
epithelioid and the foreign body types. 
The protein K seemed entirely insoluble  at the neutral point and was given in 
suspension in saline to three rabbits.  It proved to be a  remarkable stimulant 
for every type of phagocytic mononuclear cell, as is shown in Figs. 4 to 7.  After 
this material the monocytes and their derivatives were increased,  both scattered 
in the tissues and in small tubercles.  Figs. 4 and 5 are from rabbit R 3886 which 
received three dally injections of l0 nag. each and was sacrificed  4  days later. 
The peritoneal emaciate  was increased in amount and was thick and milky from the 
contained cells.  In Fig. 4 are shown stimulated monocytes from this exudate; 
this photograph was taken from a clump of about 50 cells, no two of which were 
exactly alike.  Compared with the cells of Fig. 3, from an exudate of an animal 
which received the protein G in solution, it will be seen that these cells were more 
stimulated.  Many of these monocytes contained rdractile bodies,  white in the 
photograph, which represent lipid in the cell.  In Fig. 5 is a giant cell from the 
omentum of the same snlmal.  It is clearly of the epithelioid or Langhans type. 
A typical foreign body giant cell, with many nuclei,  is seen in Fig. 6 from rabbit 
R 3887.  The edge of the cellis marked by arrows.  A large particle of the material 
still undissolved is shown completely surrounded by the monocytes which  make 
up this giant cell.  In the cell are many foci of vacuoles which are the rosettes of 
the component monocytes.  The nuclei  are clear in  the right half of the  cell, 
where there is less phagocytized material.  A section of the omentum of this same 
animal is shown in Fig. 7, which makes quite clear the extent of the increase in 
monocytes over the normal condition.  It shows both types of giant cells,  those 
with peripheral nuclei and those in which the nuclei are scattered throughout the 
cytoplasm.  There are some lymphocytes to be seen in this area.  The tissues 
of these animals showed some tubercles of epithelioid cells, some of which were 
surrounded by lymphocytes and some were not. 
Cellular Reactions of Tuberculous Guinea Pigs  to  Tuberculo-Protein 
The tuberculo-protein  G  in  the  two forms, in solution  and in  sus- 
pension,  was given  to  three  groups of four  tuberculous  guinea  pigs 
and the tissues were studied  7,  12,  and 21  days  later.  The data on 
these  experiments  are  given  in  Table  III.  The  results  are  to  be 
compared with  the  effects of the  same protein in  the normal guinea 
pigs shown in the fourth and fifth groups in Table I. 
The effect of the protein was greater in the tuberculous than in the normal ani- 
mal, and there was a greater formation of epithelioid cells and giant cells.  Thus 846  CELLULAR REACTIONS TO TUBERCULO-PROTEINS 
there  were both  quantitative and  qualitative  differences.  It will be noted in 
general in Table III that the percentage of lymphocytes in the peritoneal exudates 
was higher in the tuberculous group and more loci of lymphocytes were found in 
the omenta.  In Fig. 8 is shown a milk spot in  a  film of omentum from a  tu- 
berculous guinea pig, R 4791, 7 days after the injection of 0.5 mg. of protein G 
in suspension.  The cells are stimulated monocytes and epithelioid cells.  There 
has  been  some desquamation  of  the  surface films.  In Fig. 9  the cells of  the 
peritoneal exudate of a  tuberculous guinea pig, R 4749, are shown 12 days after 
the injection of 1 mg. of protein G in solution.  The photograph shows a greater 
stimulation of the monocytes than in  corresponding exudates of Figs.  3 and  4 
from normal animals. 
The skin tests which were made with the last group of the tuberculous guinea 
pigs gave the most instructive material for the differences  in the effect of the 
proteins (Figs.  10, 11, and 12).  The tissues were studied 15 days after the intra- 
dermal injections had been made.  In Fig. 10, which  is from guinea pig R  4753 
and is taken from the area that received the MA-100, it is clear that there was one 
small tubercle of epithelioid cells, a little diffuse  reaction and a  few epithelioid 
giant cells in the dermis, and a moderately diffuse reaction in the subcutaneous 
tissue.  Figs.  11 and 12 are both from guinea pig R 4775 and show the reaction 
in the skin to protein G in solution and in suspension.  They include  the sub- 
cutaneous tissue, marked by the fat and the lower part of the dermis.  In Fig. 11 
it will be seen that the entire subcutaneous level and the lower part of the dermis 
were filled with epithelioid cells and a few giant cells, a reaction clearly greater 
than that shown in Fig. 10.  These two sections  are representative of the entire 
reaction to MA-100 and G in solution.  The small section in Fig. 12 fails to illus- 
trate adequately the far greater extent and complexity of the reaction to the pro- 
tein in suspension.  The area was chosen to show the greater proportion of giant 
cells;  for a  wide area both subcutaneous tissue and the dermis were filled  with 
complex tubercular tissue.  In none of the sections  were there any loci of lym- 
phocytes. 
DISCUSSION 
These studies show that tuberculo-proteins injected into the tissues 
of  normal  animals  stimulate  the  phagocytic  mononuclear  cells  to 
functional  activity  and  to  multiplication.  The  immediate  effect, 
that occurring within  the first few hours, for which the data are not 
included in this paper, is to  call neutrophiles from the vessels to the 
tissues,  as after any other foreign material.  This effect is transitory 
and  after  a  few  days,  as  shown  in  all  the  tables,  the  neutrophiles FLORENCE  R.  SABIN  847 
were consistently low in the peritoneal exudates.  From that  time 
on, the effect of all the materials employed was an increased activity 
of  the  phagocytic  mononuclear  cells.  Within  this  group  of  cells 
there was so much variation, every kind of phagocytic mononuclear 
cell having been involved, as to indicate the complexity of cellular 
response to these materials. 
In general three forms of protein were used: preparations given in 
solution,  in freshly made precipitates,  and in  suspensions  of  quite 
insoluble  material.  The  proteins  given  in  solution,  the  MA-100 
and the protein  G,  induced a  new formation of monocytes in  the 
normal animal.  This is in agreement with our other studies (10, 11). 
After the freshly precipitated proteins,  TPA from  the  media  and 
G from the bacilli, there was not only an increase in monocytes but 
a marked stimulation of them to functional activity, with formation 
of epithelioid cells, some of them in small tubercles.  The use of the 
same protein, type G, in solution and in suspension provided a nice 
illustration of a greater cellular response to the same material as partic- 
ulate matter, as shown in Figs. 2 and 3. 
The proteins H  and K, which we have designated as insoluble in 
Table II, were certainly in a  quite different form from the freshly 
precipitated TPA and G.  Injected into the tissues they set up com- 
plex reactions involving every type of phagocytic mononuclear cell, 
monocytes, stimulated monocytes and macrophages, epithelioid cells 
scattered diffusely and in tubercles, and both forms of giant cells, 
the  epithelioid types with  peripheral  nuclei and  the  foreign body 
forms, some with large numbers of nuclei (Figs. 5 to 7). 
It is interesting to note that in the tuberculous animal the activity 
of every type of protein is markedly enhanced.  Thus the protein 
MA-100 which, in the normal animal, produces only an increase in 
normal monocytes, in the tuberculous gives rise to some epithelioid 
cells in the form of tubercles (Fig.  10).  The protein G in solution 
which produced a very few tubercles in the normal animal, gave rise 
to extensive tubercles in the tuberculous (Fig. 11), while the protein 
G, in suspension, brought forth still more complex tubercular tissue 
in the  tuberculous animal, with extensive formation of giant  cells. 
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to tuberculo-protein is in line with the fact that a tuberculous animal 
will react to  the degraded protein of tuberculin  (PPD  of Seibert), 
while an animal highly sensitized to tuberculo-protein will not (11-13). 
These observations suggest that there are materials in the tissues or 
the circulation of the tuberculous animal not present in the normal one. 
For several years we have been studying the effects of introducing 
chemical fractions derived from acid-fast bacilli into the tissues (14). 
To  these  fractions,  polysaccharides,  lipids,  and  proteins,  we  have 
found four types of cellular reactions.  There is first an exudation of 
neutrophiles from the blood vessels to the tissues; second, a stimula- 
tion of the phagocytic mononuclear cells of the tissues; third, a mul- 
tiplication of fibroblasts; and fourth, a local increase in lymphocytes. 
Concerning  the  granulocytes of  the  blood  stream,  none  of  the 
materials which we have injected failed to call neutrophiles from the 
vessels to the tissues.  This was likewise true of the menstrua in which 
we introduced the fractions,  namely, distilled water  or saline.  Of 
the fractions from the tubercle bacilli, only the polysaccharides gave 
this reaction alone, and always in greater amount than the menstrua 
in  which they were  injected.  The  polysaccharides themselves did 
not seem to have any power to stimulate the new formation of cells, 
but the neutrophiles which they brought into the tissues were phago- 
cytized and digested by monocytes.  This provided an opportunity 
to observe that the monocyte is physiologically adapted to a  rapid 
digestion  of  engulfed neutrophiles,  for  the  reaction  was  complete 
within 48 hours after  injection of  the polysaccharides.  Under two 
conditions we have found an increase in eosinophiles in the tissues in 
our experiments, first,  after  the  cells  had brought about  a  partial 
digestion of the so called wax fractions of the acid-fast organisms (15), 
and second, in the dermal reactions to injections of tuberculo-protein 
in sensitized animals (11).  No changes in the basophilic leucocytes 
have been observed after the use of any of the fractions from the 
tubercle bacilli. 
The phagocytic mononuclear cells were  stimulated by  all  of the 
lipids and proteins.  There were, however, marked differences in the 
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phosphatide, the so c~ted waxes, and the proteins.  After injection 
of the phosphatide prepared by Anderson (16) there was a uniform 
reaction of epithelioid cells and their multinucleated derivative, the 
Langhans' giant cell.  The reaction was in the form of tubercles and 
closely simulated the type of reaction induced by attenuated tubercle 
bacilli  (17-19).  These  are  the  hard  tubercles  of  the infection, as 
described by Rich and McCordock (20).  The epithelioid cells induced 
by the phosphatide regressed en masse, simulating caseation, or the 
cells died gradually, one by one, and were cleared away as  debris. 
The reactions to all of the preparations of the so called waxes, the 
higher alcohols, and the hydroxy acids prepared by Anderson  (21) 
consisted of a multiplication of monocytes and the fusion of them into 
foreign body giant  cells within which these  inert  substances  were 
gradually disintegrated.  The particles of wax were first surrounded 
by monocytes and  then  engulfed by  their fused  surface fills  (see 
Fig. 4 in reference 19). 
~n contrast to these relatively simple and uniform reactions to the 
lipids, the proteins induce much more complex reactions because they 
give rise not to one form of the phagocytic mononuclear cells but to 
every form.  The degree of complexity of these reactions varies with 
the state of the protein, being simplest after the protein in solution, 
more complex after  the proteins as freshly precipitated,  and  most 
complex after  the more insoluble forms.  The proteins  induce the 
formation of monocytes, of stimulated monocytes, of macrophages, 
of epithelioid cells singly and in tubercles, of giant cells, both of the 
Langhans and of the foreign body type. 
We have found an increase in fibroblasts as a  consistent reaction 
to a material injected only after leprosin, one of the wax-like fractions 
isolated  by  Uyei  and  Anderson  (22) from  an  acid-fast  organism 
obtained from a  case of leprosy.  The formation of fibroblasts has 
occurred in  all  adhesions  and  in  the  repair  after  necrosis.  After 
intraperitoneal injection of leprosin there was induced the new forma- 
tion of fibroblasts  which, in  the  thin membrane of  the omentum, 
could be seen to grow exactly as they do in tissue cultures (see Plate 
34, Fig. 4, in reference 15). 850  CELLULAR llEACTIONS TO  TUBERCULO-PROTEINS 
The new formation of lymphocytes  has been t~regular and inconstant 
in our series of studies.  In the tubercles set up by the phosphatide 
there was often, but not always,  a  capsule of lymphocytes around 
the newly formed tubercles; as seen in this study on the effects of the 
proteins, some, but not all, of the animals of a group may show an 
increase in lymphocytes.  There was a greater percentage of lympho- 
cytes in the peritoneal exudates of the tuberculous guinea pigs after 
the injection of the protein than in the normal animals.  We have 
been unable to find that any of the fractions from the tubercle bacillus 
so far studied induce consistently an increase in lymphocytes. 
S~A.RY 
1.  Tuberculo-protein in solution induces the formation of monocytes 
in the normal animal and tubercles of epithelioid cells in that which 
is tuberculous. 
2.  Freshly precipitated tuberculo-proteins from the culture media 
and from the bacilli induce a moderate formation of epithelioid cells 
in normal animals, and more in the tuberculous. 
3.  Insoluble forms of tuberculo-protein induce complex tubercular 
tissue in normal animals.  This action is enhanced in the tuberculous. 
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EXPLANATION  OF PLATES 
PLATE 43 
FIG. 1.  Film of omentum of rabbit R 3928 which had received three injections 
of 20 rag. of freshly precipitated protein TPA and was studied 6 days later.  The 
cells  were  living  and  the  vacuoles  containing the  phagocytized material  were 
stained with neutral red.  It is a part of a milk spot and shows stimulated mono- 
cytes and macrophages.  ×  1000. 
FIo. 2.  Peritoneal exudate of guinea pig R 4865 which had received one injec- 
tion of 0.5 rag. of protein G in suspension and was studied 8 days later.  The ceils 
were living and the vacuoles containing the phagocytized material were stained 
with  neutral  red.  It shows stimulated  monocytes and an epithdioid  cell with 
two nuclei.  X  1100. 
FIG. 3.  Peritoneal exudate of guinea pig R  4867 which had received one injec- 
tion of 0.5 rag. of protein G in solution and was studied 8 days later.  The cells 
were living and the vacuoles containing the phagoeytized material were stained 
with neutral red.  It shows various forms of monocytes.  ×  1100. 
FIG. 4.  Peritoneal exudate of rabbit  R  3886 which had received three daily 
injections of 10 rag. of protein K in suspension and was studied 4 days later.  The 
cells were living and the vacuoles containing phagocytized material were stained 
with neutral red.  It shows various forms of monocytes, more stimulated  than 
those of Fig. 3.  ×  1000. 
Fie. 5.  Film of omentum from the same animal as Fig. 4, to show an epithelioid 
giant cell.  The cells  were living and the rosette of vacuoles was stained  with 
neutral red.  The nuclei are not well shown because  the vacuoles  are  in  focus. 
x  1000. 
FIG. 6.  Foreign body giant cell in a milk spot of the omentum of rabbit R 3887 
which had received three injections of 10 nag. of protein K and was studied 10 days 
later.  The cell was living and both the plaque of the protein and the vacuoles 
containing the material phagocytized in the giant cell were stained with neutral 
red.  The edges of the giant cell  formed by the fusion of many monocytes are 
indicated by arrows.  X  1000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  68  PLATE 43 
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Fro. 7.  Section of the omentum of the same animal as in Fig. 6.  It shows that 
the omentum was thickened and that there had been a  marked increase in mono- 
cytes and the formation of giant cells of both types.  There were also some lym- 
phocytes.  Stained with Foot's modification of Masson.  ×  325. 
FIG. 8.  Film of omentum of a  tuberculous guinea pig, R  4791,  which had re- 
ceived 0.5 mg. of protein G in suspension and was studied 7 days later.  The cells 
were  living and  the  vacuoles which  contained  the  phagocytized material were 
stained with neutral red.  It shows stimulated monocytes and epithelioid cells. 
There has been a  marked desquamation of surface films of the cells.  ×  1100. 
FIG. 9.  Peritoneal exudate  of  a  tuberculous  guinea pig,  R  4749,  which  had 
received 1 mg. of protein G in solution and was studied 12 days later.  The cells 
were  living and  the  vacuoles  which  contained  the  phagocytized material were 
stained with neutral red.  It shows  stimulated monocytes and epithelioid cells. 
X  1100. 
FIG. 10.  Section of the skin of a  tuberculous guinea pig, R  4753,  which had 
received an intradermal injection of 0.1 mg. of MA-100 15 days before the animal 
was  sacrificed.  It  shows  a  tubercle of  epithelioid cells and  a  few  giant  cells. 
Stained with Foot's modification of Masson.  ×  100. 
Fro.  11.  Section of the skin of a  tuberculous guinea pig, R  4775,  which had 
received an intradermal injection of 0.1 mg. of protein G in solution.  It shows a 
marked  infiltration of  dermis  and  subcutaneous  tissues  with  epithelioid cells. 
Stained with Foot's modification of Masson.  X  100. 
FIG. 12.  Section of the skin of the same animal as in Fig. 11, in the area which 
had received 0.1  rag. of the protein G in suspension.  It shows tubercular tissue 
of epithelioid cells and giant cells.  Stained with Foot's modification of Masson. 
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